Abstract. Two key reactions of hydrostatic nuclear burning in stars have recently been revised by new experimental data -the 14 N(p, γ) 15 O and 3 α reaction rates. We investigate how much the new rates influence the evolution of low-mass, metal-poor and metal-free, stars and of an intermediate-mass star of solar-type composition. We concentrate on phases of helium ignition or thermally unstable helium burning. Our global result is that the new 3 α rate has no significant influence on such stars, but that there is a noticable, though small, effect of the new 14 N(p, γ) 15 O rate, in particular on the core helium flash and the blue loop during core helium burning in the intermediate-mass star.
Introduction
The triple-alpha reaction is one of the key nuclear reactions for the synthesis of the elements in stars as it provides the only efficient bridge over the gap between mass numbers 4 and 12, where no stable isotopes exist that could be formed by proton or α-captures on the lighter elements. Together with the 12 C(α, γ) 16 O reaction it determines the abundances of carbon and oxygen in the universe. The 3 α-process is also the main energy source during helium burning. It has become famous, because it is a prime example how astrophysical research can initiate new results in basic physics, as Hoyle (1954) predicted the existence of a resonance level in the 12 C nucleus around 7.70 MeV, which later was found indeed at 7.65 MeV. Since the reaction rate is dominated by resonances, there is considerable interest in determing all of them with high precision. Recently, Fynbo et al. (2005) reported about new measurements concerning resonances of 12 C with 3 α-particles obtained from 12 C-decay experiments (this new rate will be called "ISOL"-rate in the following, see Fynbo et al. 2005) . In particular, they find a dominant resonance at ∼ 11 MeV, while they do not confirm another one at 9.1 MeV reported previously (Angulo et al. 1999) . The classical 7.65 MeV resonance was not in the investigated energy regime. As a consequence, the reaction rate based on these measurements deviates somewhat from the one published in Angulo et al. (1999) , which itself is higher than that by Caughlan & Fowler (1988) . Both these latter rates have been widely used in current stellar evolution calculations. The differences are such that at temperatures between 2.5 · 10 7 and 10 8 K the new rate is between 7 and 20% lower, but below 2.5 · 10 7 K up to 50% higher. The largest change occured for T > 3 · 10 9 K, where the new rate is increasingly lower by up to one order of magnitude ( Fig. 1) .
Due to the importance of the 3 α-rate, it is worthwhile to investigate the consequences of a changed rate. One can in principle expect changes in the final C/O ratio, in the total yield of carbon, but also in the internal structure of stars due to modified temperature profiles. The present paper reports about three interesting cases of stellar evolution: the core helium flash in low-mass metal-poor stars, the core and shell helium burning in intermediate mass stars of solar-like composition, and helium burning in metal-free low-mass stars. Since the largest change in the 3 α-rate is at highest temperatures, one expects the strongest effects on the structure and carbon/oxygen-synthesis in the most massive stars. However, as our stellar evolution code is not optimized for this mass range, we leave this mass range to a separate investigation. The low and intermediate mass range is interesting, too, because of the high temperature sensitivity during core and shell flashes, where instabilities amplify even small temperature variations.
Incidentally, another key reaction has been re-determined recently by the LUNA collaboration, the 14 N(p, γ)
15 O bottleneck reaction of the CNO-cycle ). The influence on globular cluster age determinations has already been discussed by Imbriani et al. (2004) , with the somewhat unexpected result that the ages derived from turn-off luminosities increase by up to 1 Gyr using the new rate. This is contrary to standard stellar evolution wisdom, which states that nuclear burning times on the main sequence to high accuracy do not depend on nuclear rates, but only on composition, mass, and the envelope opacities as these determine how much energy is lost from the surface. Since the result by Imbriani et al. has stirred some public interest, we briefly comment on it. Our main interest, however, in this bottleneck reaction is again how stars of low and intermediate mass might be influenced in their evolution.
The outline of this paper is as follows: After describing briefly our stellar evolution code and the specific reaction rates for the 3 α-process and the 14 N-reaction in Sect. 2, we will present the results for the three stellar evolution cases described above in Sect. 3, followed by the conclusion in the final section.
Stellar evolution program

Basic properties
All calculations for this investigation were done with the Garching stellar evolution code as described in . The program was modified in only minor aspects since then. To briefly summarize the main physical ingredientes, the code incorporates the OPAL equation of state and the OPAL opacity tables supplemented by the molecular opacities of Alexander & Ferguson (1994) . In the calculations presented here, the equation of state by Irwin (see Cassisi et al. 2003) has been used, which is based on the OPAL EOS. Microscopic diffusion of all elements is implemented and has been included in the calculations of Sect. 3.2.
Neither overshooting nor semiconvection has been taken into account, although the former effect is implemented. Mass loss is included according to Reimers' formula; the parameter η will be given below for each case. Since we are looking for the differential effect due to the changes in nuclear reaction rates, the details of the model calculation should not matter too much, as long as the calculations are otherwise identical. This requires careful checking of spatial and temporal resolution and accurate modeling. . 3 α reaction rates used in this paper. Plotted is the rate relative to the NACRE analytic one (Angulo et al. 1999) . The various lines correspond to the tabulated NACRE rate (solid), CFHZ85 (Caughlan et al. 1985, dotdashed) and the new rate of (Fynbo et al. 2005, ISOL; dashed) . The dotted line is the absolute value of the reference NACRE rate (scale on right plot axis). At the lowest temperature the new rate is larger by up to a factor of 2 compared to NACRE (out of scale).
Nuclear burning is taken into account by a network which treats hydrogen and helium burning separately, unless both protons and α-particles are present and temperatures are high enough for helium processing. In such cases (see Sect. 3.2) the network and any mixing process is treated simultaneously. For details on this see Schlattl et al. (2001) .
14 N(p, γ) 15 O rate
The standard implementation of this rate 1 is according to the recommendation in Adelberger et al. (1998, Table VI ; hereafter referred to as Adel98). The astrophysical S (0)-factor is 3.5 keV b in this case. The corresponding NACRE rate (Angulo et al. 1999) has not been used; it would be 3.2 ± 0.8 keV b, well within the errors of the Adelberger recommendation. The new LUNA-value ) is 1.7 ± 0.1 (stat) ± 0.2 (sys) keV b, which is significantly lower. In our comparison calculations we have used this number; S ′ (0) and S ′′ (0) have been left unchanged at the Adelberger values. Therefore, the new rate is modified by a constant value with respect to the standard rate of the code. This is in agreement with the procedure of Imbriani et al. (2004) .
3 α-rate
The standard implementation in our program is the nuclear reaction rate in the form of (Caughlan et al. 1985; CFHZ85) , which has been updated by Caughlan & Fowler (1988) ; they differ somewhat at the lowtemperature end (T < 10 8 K). Since Fynbo et al. (2005) used the analytic fit to the NACRE rate (Angulo et al. 1999) for reference, we implemented the same rate for the comparisons. Interestingly, in the temperature range of interest for us Angulo et al. (1999) give an uncertainty of about 15% for T 10 8 K and up to 30% for T below 10 8 K, which is large enough to accomodate the new rate (see Fig. 3 of Fynbo et al. 2005) . As the analytic fit of the NACRE rate deviates from the tabulated values by up to 5% we decided to also compute models for this case. The new ISOL-rate of Fynbo et al. (2005) was available to us in tabulated form (Chr. Diget, private communication). 1 The term "rate" is to be understood as N (n−1) A σv , that is as the Maxwellian-averaged reaction rate (see Angulo et al. 1999 ) in units of cm 3 mol −1 s −1 for n reaction partners. Fig. 1 shows all 3 α-rates compared to the NACRE analytic one. It is striking that the newest rate agrees quite well with that of Caughlan et al. (1985) over an extended range below temperatures of several billion degree, interesting for low and intermediate mass stars. Realizing this, it is evident that one cannot expect significant global changes in the stellar evolution, since in the past the transition from the Coughlan-Fowler to the NACRE rates did not yield such changes.
Sample calculations
In this section we present the results of our sample calculations and compare them with reference calculations that use the NACRE and Adel98 rates for the 3 α and 14 N(p, γ) 15 O reaction rates respectively. We are concentrating on cases in which helium ignition takes place under either degenerate or thermally unstable conditions. We expect therefore changes in the models in the initial phases of helium burning, and less so during the main helium burning as this proceeds at temperatures of a few 10 8 K, where the new rate and the reference rate agree to within 10% (Fig. 1 ). The critical temperature at which helium burning is taken into account in our nuclear network was set to 5 · 10 7 K. We have also tested even lower values, but due to the extremely low reaction rate at these temperatures, there is no influence on the models.
Core helium flash in a Pop. II star
Stars of low mass start helium burning under degenerate conditions. This leads to the dynamic core helium flash. The new 3 α-rate, which is lower than the NACRE rate at low temperature, could influence the initial phase leading to a delayed flash and a larger core mass. We therefore performed calculations for two masses, 0.8 M ⊙ and 1.0 M ⊙ , and three metallicities, Z = 0.001, 0.0001, 0.00001 and initial helium content Y = 0.25. No mass loss was assumed. For completeness, although not important, we also give the mixing length parameter: α mlt = 1.59. The calculations were started from the zero age main sequence (ZAMS; including a short relaxation phase for the CNO-nuclei to get to equilibrium abundances) through the flash until the star settles on the horizontal branch (HB) and then up to the early AGB. The zero age model on the HB was defined at that model with the minimum integrated thermal energy.
The general result is that the changes are very small, but in the expected direction. The tip of the RGB is almost unchanged, the luminosity being 2% higher for the new rate. The core mass increases very little, between 0.002 and 0.003 M ⊙ depending on mass and metallicity. The age of the models also increases by a mere 0.2 Myr at most. We show the resulting tracks in the Hertzsprung-Russell-Diagram (HRD) in Fig. 2 for the lowest metallicity, and list a few quantities in Table 1 . Note that even the secondary flashes during the settling to the HB are almost indistinguishable. The agreement between the two cases is as close for the other two metallicities.
The comparison discussed so far was done with the more recent LUNA 14 N(p, γ) 15 O reaction rate. We have also varied this rate by using both the LUNA and Adelberger et al. (1998) rate, and fixing the NACRE 3 α rate. The effect turned out to be much larger, and can be seen in Fig. 3 . We notice differences already around the turn-off, and in particular during the approach to the HB; the effective temperature of the zero-age HB model increases by up to 20% for the LUNA rate. This is a significant change, the consequences of which we are intending to investigate in a forthcoming publication about HB evolution.
At this point it is worthwhile to clarify the result found by Imbriani et al. (2004) . They showed that due to the improved 14 N(p, γ) 15 O rate the ages of globular clusters increase by up to 1 Gyr. We note that the contribution of the CNO-cycle to the total energy production of metal-poor low-mass stars typically is below 10% on the main sequence, rising gradually to at most 15-20% at the turn-off and dominating the energy generation only when the star is clearly a subgiant. Though the result by Imbriani et al. (2004) about an increase in determined globular cluster ages is correct, it does not imply that hydrogen fusion is progressing slower because of the slower bottleneck reaction. In fact, things are more subtle. We note first that the higher cluster ages result from the method of age determination, where colours resp. surface temperatures come into play. In Fig. 4 we display for one example (1 M ⊙ , Z = 0.001) the time evolution of luminosity and effective temperature during main sequence and red giant branch evolution. Evidently, the luminosity evolution on the main sequence is hardly affected by the nuclear rate. However, this luminosity is generated within a core that has an only marginally higher temperature, but is more extended as the result of a shallower temperature profile. So, while at the center hydrogen is burning at a slower pace (same T , lower reaction rate), more mass is involved in the nuclear fusion. The time it takes to deplete hydrogen in the core is therefore somewhat higher (in our case +190 Myr), but the exhausted core is larger (+0.013 M ⊙ ). Due to that larger core mass, towards the end of the main sequence (defined as the exhaustion of core hydrogen) the central temperature is slightly higher (approximately 5%) for the LUNA than for the higher rate by Adelberger et al. (1998) . Another consequence of the different core evolution is a modified temperature gradient, and thus T eff at the end of the main sequence evolves slightly different (Fig. 4) , influencing the turn-off luminosity which is defined as the value of L at the bluest point along the MS track. To be more quantitative, the turn-off in the case of the Adelberger rate is at t = 4.38 Gyr, T eff = 3.852, and log L/L ⊙ = 0.554. For the revised LUNA rate the hottest point is reached later, at T eff = 3.8543, when log L/L ⊙ = 0.593 and t = 4.62 Gyr, an increase of 240 Myr. Note, however, that at the turn-off age of the Adelberger-case, T eff = 3.854 and log L/L ⊙ = 0.558 for LUNA, i.e. almost identical. Thus, the change in the turn-off is due to the modified interior structure, which influences the morpology of the evolutionary track. figure. Note the significant differences in the evolution towards the horizontal branch.
We have investigated a few other cases and find that at even lower metallicity (Z = 0.0001) the age differences decrease to 1-2%. 
Evolution through the core helium flash of a Pop. III star
A particularly interesting variant of the core helium flash is that in metal-free (Pop. III) stars. Due to the absence of CNO-elements such stars display, from the beginning of main-sequence evolution, higher temperatures and evolve quite differently from ordinary Pop. II stars. Details on this subject can be found in and Schlattl et al. (2001) . In this case, we have investigated all three 3 α rates mentioned in Sect. 2.3. We have calculated the evolution of a star of M = 1 M ⊙ , Y i = 0.23, and -naturally -Z = 0. No diffusion has been included, and α MLT was set to 1.77. The reference case investigated employs the Adelberger et al. (1998) 14 N(p, γ) 15 O and NACRE 3 α rates, and is shown in Fig. 5 as the dot-dashed line. Some properties of this and the other cases are listed in Table 2 . For clarity, the case "LUNA + CFHZ85" is not shown in the figure, because it is indistinguishable from the "LUNA + ISOL" case.
The first particularity of Pop. III evolution is the loop after the main sequence. In this phase metal-free stars create carbon by the extremely rare 3 α-reactions occuring in the core. If an abundance of about 10 −10 is reached and protons are still available, the CNO-cycle is ignited resulting in the so-called CN-flash. In our calculations this happens around T ≈ 6.5 · 10 7 K and leads to the short-lived loop seen in Fig. 5 (for details see . This loop is vanishing with decreasing mass, but also depends on the CNO reaction rates as is evident from our calculations. All cases with the new (lower) LUNA-rate for 14 N(p, γ) 15 O lack this feature, independent of the 3 α-rate. The direct comparison should be made with the solid (black) line in this figure. This is the case where only the 14 N(p, γ) 15 O rate was updated. We identified as the reason for the disappearance of the loop the fact that the lower CNO-luminosity prevents the creation of a convective core, which is present in the reference case and which leads to an increase of the hydrogen abundance in the core and thus to an enhanced luminosity flash. The appearance of the loop might be influenced by other parameters as well, and we feel that we have chosen favourable circumstances to see this effect. We note that the creation of the first in-situ carbon nuclei is not influenced by the choice of the 3 α-rate.
The second particular event is the (first) core helium flash that happens at a much lower luminosity in Pop. III stars than in those with Z 10 −6 , due to the higher core temperature. As the H-shell temperatures are higher as well, the so-called entropy barrier is lower and a mixing event between the hydrogen-rich envelope and the hot carbon-enriched helium layers is possible, leading again to significant CNO-cycle energy production (see also Fujimoto et al. 2000) . As a consequence, the envelope will be enriched drastically in CNO-products and helium. In particular (see Table 2 ) carbon and nitrogen abundances might add up to 0.01 (relative mass), which provides the star with a very particular envelope composition. In the past, we have tried to explain observed extremely iron-poor halo stars with strong CN-enrichment with such models (Schlattl et al. 2002; Picardi et al. 2004 ). As a consequence of the CN-enrichment, the stellar envelope gets more opaque and the stars settle at lower T eff after flash and mixing (the phase of mixing is indicated by the dotted line in Fig. 5) . As in the case of ordinary Pop. II stars, the new 3 α rate has only a very moderate influence on the flash: it starts at slightly higher luminosity and core mass, but the increase is not significant. The peak helium luminosity L max He is, within the computational uncertainties, unchanged. The results for the latest rate agree very well with that of the older CFHZ85 rate.
In contrast, the new 14 N(p, γ) 15 O-rate has a much stronger influence in particular with respect to the flash luminosity: it is lower due to the higher shell temperatures. However, the core mass is higher. This is probably a consequence of the fact that the core mass -luminosity relation depends on the temperature exponent of the shell hydrogen burning. For CNO-burning, it is L ∼ M 7 c , and for pp-burning ∼ M 3 c . Very metal-poor stars have a very small contribution from the CNO-cycle only and therefore follow closely the latter relation. If we now make the 14 N(p, γ) 15 O-reaction less effective, the temperature exponent will further go down, and therefore at the same luminosity the core mass will be slightly higher.
The result of the flash-induced dredge-up shows larger (relative) variations. The helium abundance is highest for the reference case (third column), and lower for those with the newer 14 N(p, γ) 15 O rate, decreasing with more recent 3 α rates. The carbon abundance is also highest for the reference case, and that of nitrogen for the combination of most recent reaction rates (sixth column). There is no strong systematics to be seen, except that in the table the dredge-up appears generally to be stronger for the older rates, while for the latest rate more CN-burning could take place. We think that the small variations come from different mixing depths; the flashinduced mixing is indeed very sensitive to temporal and spatial resolution. Our conclusion is that within the accuracy of our treatment of simultaneous burning and mixing the resulting abundances are indistinguishable.
After the star has settled again on the (redder) giant branch, it resumes its evolution since the core helium burning has been extinguished as a result of the first flash and mixing. A second, more moderate flash appears at a standard RGB tip luminosity (log L/L ⊙ ≈ 3.5). Table 2 demonstrates again that the largest changes are due to the new LUNA 14 N(p, γ) 15 O-reaction, leading to lower ignition luminosity, but higher helium core mass. The latter effect is related to the fact that the core mass on the second, cooler RGB is larger from the outset for the LUNA rate. Also, due to the slightly weaker first LUNA-flash (see L max He ) the dredge-up of carbon is less severe and thus the chemical structure of the interior differs between these cases. The largest variation we find in Table 2 is therefore between the reference case and that updating the 14 N(p, γ) 15 O rate only (column 5). In the HRD (Fig. 5 ) very minor differences can be discerned for the flash and the post-flash location, but also for the early AGB-phase. This is how far we have followed the evolution.
In summary, as in Sect. 3.1 the new 14 N(p, γ) 15 O rate has a clearly stronger influence than the 3 α rate, although the flash-induced dredge-up might change somewhat, though not significantly, due to the latter. Table 2 . Selected properties of Pop. III models evolved with various combinations of reaction rates as shown in Fig. 5 . We list luminosity, effective temperature, helium core mass at the onset of the first and second core helium flash, as well as the maximum helium luminosity (log L max He /L ⊙ ) and the mass at which the maximum temperature is reached (M T max /M ⊙ ) at the time of log L max He /L ⊙ . In addition, the surface abundances (mass fractions) after the flash induced mixing event is given for key elements. In Fig. 6 we show the evolution of this model in the HRD for the two cases of different 14 N(p, γ) 15 O rates. For the 3 α reaction we used the (tabulated) NACRE rate. It is immediately evident that the main sequence evolution takes place at higher temperatures, implying a more compact structure of the model, if the lower LUNA rate is used. This is similar to the Pop. II model (Sect. 3.1), but more pronounced. As the evolution of intermediate mass stars is very sensitive to the internal composition profile, the consequences for the core helium burning phase are quite large: the blue loop is getting significantly shorter. Since our models do not include overshooting, it would not be justified to draw any conclusions with respect to comparisons with observed binary systems (see, for example, Schröder et al. 1997 , for systems with components in this evolutionary phase) or pulsational masses of Cepheids (Beaulieu et al. 2001) .
The luminosity variations during the thermal pulses (TP) along the AGB are shown in Fig. 7 . The TPs start earlier by about 1 million years for the LUNA rate, which is due to a shorter main sequence lifetime. We therefore have shifted the time axis for this case to coincide on the pre-flash luminosity maximum. The pulse behaviour is similar, although the peak luminosity and peak helium luminosity (not shown) are higher, and the interpulse duration longer for the new LUNA rate. This is consistent with earlier findings concerning the influence of H-burning rates on pulse behaviour (Despain & Scalo 1976) , and in particular with the recent investigation by Herwig & Austin (2004) , who find stronger flashes for lower 14 N(p, γ) 15 O rates in a 2 M ⊙ model. These differences become smaller with increasing pulse number. We followed 15 (LUNA) respectively 8 (Adel98) pulses and then stopped the calculations.
Using the new LUNA 14 N(p, γ) 15 O reaction rate, we then compared models calculated with the three variants of the 3 α rate. As before, we first show the evolution in the HRD (Fig. 8) . The evolution prior to the onset of core helium burning naturally must be identical, and therefore we show only the subsequent phase. Again, the loops, being most sensitive to structure variations, show the clearest reaction. Although the CFHZ85 rate is very similar to the new rate by Fynbo et al. (2005) , the loop is most extended for this rate. Recall (Fig. 1 ) that at temperatures below 10 8 K, corresponding to the outermost layers of the helium burning regions, the two rates differ by up to 20% and this might be the reason for the fact that the loops of the NACRE and the new rate agree better than those of CFHZ85 and ISOL rate. In fact, at T ≈ 6.5 · 10 7 K the two more recent rates are in closer agreement.
Concerning the thermal pulses, Fig. 9 shows them for all three cases. To demonstrate the extreme similarity between them, we have shifted the peak brightness of the third pulse to the same time coordinate, for which we used that of the (tabulated) NACRE case. The shifts necessary were -80 kyr for the CFHZ85 and -67 kyr for the new ISOL 3 α rate. This underlines the global resemblance of the two rates. There is also a small shift of +11 kyr between analytic and tabulated NACRE, but we did not include this case in the figure.
Finally, we compare the chemical composition of all cases investigated in terms of central carbon and oxygen abundance after core helium burning (Table 3 ). The carbon abundance ranges from 0.200 to 0.223 with the highest value reached for the older reaction rates. Consequently the oxygen-richest core is obtained for the LUNA 14 N(p, γ) 15 O and new 3 α rates combined. However, in spite of noticable variations, they are minor compared to the uncertainties still being present due to the 12 C(α, γ) 16 O rate. We close this case by mentioning that our model does not display any third dredge-up, but that Herwig & Austin (2004) report that in a sample star of 2 M ⊙ and half-solar metallicity both the new and lower 14 N(p, γ) 15 O and a higher 3 α rate (varied within the NACRE range of uncertainty) increase the amount of dredge-up obtained in this model, which was calculated with additional overshooting from the convective envelope. The effect due to the 14 N(p, γ)
15 O rate appears to be consistent with our own finding that the thermal flashes are more violent with the new rate. 
Conclusions
We have investigated the influence of two updated reaction rates of crucial nuclear processes in low and intermediate mass stars: the new 14 N(p, γ) 15 O rate of Formicola et al. (2004) and the recently reported new measurement of the 3 α rate by Fynbo et al. (2005) . We presented three cases in which helium burning proceeds under thermally unstable conditions: the core helium flash in a typical low-mass Pop. II star, the same in a Pop. III star, where flash-induced mixing between helium burning regions and the hydrogen-rich envelope can occur, and a thermally pulsing Pop. I star of 5 M ⊙ .
In all cases we find only very minor changes in the evolution and also in the interior evolution due to the new 3 α rate. The RGB tip brightness is slightly increased due to the lower rate at very low temperatures corresponding to the earliest phases of helium ignition. The largest effect shows up in the blue loops during core helium burning of the 5 M ⊙ star, emphasizing the sensitivity of these loops to details of the interior structure. The rate itself is actually more similar to the old one of Caughlan et al. (1985) and Caughlan & Fowler (1988) than to the more recent NACRE recommendation.
Our results are in agreement with work by Schlattl et al. (2004) , where the 7.65 MeV resonance level was artificially shifted by ±15 keV and more. Such a shift corresponds to a change in the 3 α reaction rate of a factor of 10 at 7.5 · 10 7 K, 5.7 at 10 8 K, and 1.8 at 3.8 · 10 8 K. These comparably large modifications resulted in small, but noticable changes in both evolution and carbon production.
On the other hand, the 14 N(p, γ) 15 O rate has a definitely stronger influence in all three cases. It prolongs the duration of central hydrogen-burning, the turn-off temperature and thus indirectly the turn-off location, it leads to a disappearance of the CN-flash in the Pop. III post-main-sequence star, strongly reduces the blue loop during core helium burning of a 5 M ⊙ star, and also influences the thermal pulses. Interestingly, these are, apart from a very minor shift in time, almost identical in the case of varying the 3 α-rate.
We conclude that the new 3 α rate has no influence on the evolution of low and intermediate-mass stars, and that that of the LUNA 14 N(p, γ) 15 O is tiny, but recognizable. Further investigations into its effect on other stars as well as of that of the 3 α rate on massive stars are indicated.
